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O$4*(1!S:S!E/+/($/!C/(/%$.1!K$61!;85+1!W;9;X!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!Y!
O$4*(1!S:R!E'%Z*$.'!+$61585+1!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!V!
O$4*(1!S:P!E/N$7*7!3/(%$7'-8!'6!7/.1!3+*4!/-,!R[\!::::::::::::::::::::::::::::::::::::::::::::::::::::!S[!
O$4*(1!S:Q!M+'2/+!E/3!'6!E/+/($/!]15.'(%!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SS!
O$4*(1!S:^!9$%.($2*.$'-!'6!E/+/($/!015.'(%!$-!D6($5/!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SR!
O$4*(1!S:Y!E'+15*+/(!C#8+'41-8!'6!.#1!7/$-!7/+/($/!015.'(%!::::::::::::::::::::::::::::::::::::::::::!SP!
O$4*(1!S:T!!"#$%&'&()*+"&(,+(!3#'.'!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!ST!
O$4*(1!S:U!E'+15*+/(!%.(*5.*(1!'6!99"!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SV!
O$4*(1!S:V!E'+15*+/(!%.(*5.*(1!'6!E/+/.#$'-!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!R[!
O$4*(1!S:S[!E'+15*+/(!%.(*5.*(1!'6!H1-,$'5/(2!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!R[!
O$4*(1!S:SS!"#1!7'%.!5'77'-+8!*%1,!38(1.#('$,%!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!RS!
O$4*(1!S:SR!E/+/($/J1-,17$5!5'*-.($1%!(13'(.$-4!38(1.#('$,!(1%$%./-51!::::::::::::::::::::::::!RR!
O$4*(1!S:SP!E/+/($/!;/%1%!/-,!(1%$%./-51!$-!L'*.#!D6($5/!::::::::::::::::::::::::::::::::::::::::::::::::!PY!
O$4*(1!S:SQ!_01(/++!5'01(/41!'6!@"I%!/-,!@FL!$-!E/+/&$!::::::::::::::::::::::::::::::::::::::::::::::::::!PT!
O$4*(1!S:S^!M1'4(/3#$5/+!,$%.($2*.$'-!'6!.#1!M/72$/1!;'73+1N!:::::::::::::::::::::::::::::::::::::!PV!
O$4*(1!S:SY!C'3*+/.$'-!%.(*5.*(1!'6!!"-)*+"&(,+(!2/%1,!'-!7$5('%/.1++$.1%!:::::::::::::::::::::!QR!!
O$4*(1!R:S!E/3!'6!E/+/&$!5'++15.$'-!%$.1%!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!Q^!
O$4*(1!R:R!E/3!'6!`/72$/!5'++15.$'-!%$.1%!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!QU!
O$4*(1!R:P!E/3!'6!E'G/72$Z*1!5'++15.$'-!%$.1%!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!QV!
O$4*(1!R:Q!E'%Z*$.'!;'++15.$'-!&'()6+'&!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!^ [!
O$4*(1!R:^!\N315.1,!C;F!2/-,%!6'(!6*-1%.*%!5'73+1N!%315$1%!$,1-.$6$5/.$'-!:::::::::::::::::::!^ P!
O$4*(1!R:Y!M1-1(/+!7$5('/((/8!%+$,1!%.*,8!,1%$4-!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!^ ^!
O$4*(1!R:T!L/73+1%!/-,!7$5('/((/8!3(13/(/.$'-!&'()6+'&!::::::::::::::::::::::::::::::::::::::::::::::!^ Y!
O$4*(1!R:U!H$'/-/+8G1(!(1%*+.%!6'(!6'*(!3''+1,!FID!%/73+1%!:::::::::::::::::::::::::::::::::::::::::::!^ T!
O$4*(1!R:V!L5#17/.$5!'01(0$1&!'6!.#1!Q!41-1%!'6!$-.1(1%.!::::::::::::::::::::::::::::::::::::::::::::::::!YS!
! S"#!
O$4*(1!P:S!E$5('/((/8!1N31($71-./+!,1%$4-!6'(!38(1.#('$,!(1%$%./-51!:::::::::::::::::::::::::::::!YU!
O$4*(1!P:R!E$5('/((/8!%.*,8!,1%$4-!H1-,$'5/(2!(1%$%./-51!::::::::::::::::::::::::::::::::::::::::::::::!YV!
O$4*(1!P:P!L5#17/.$5!'6!.#1!5FID!/73+$6$5/.$'-!/-,!+/21+$-4!3('51,*(1!::::::::::::::::::::::::!TS!
O$4*(1!P:Q!]'+5/-'!3+'.!'6!'01(!.(/-%5($21,!41-1%!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!TR!
O$4*(1!P:^!@-%15.$5$,1!2$'/%%/8!(1%*+.%!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!TQ!
O$4*(1!P:Y!]1--!9$/4(/7!'6!'01(!.(/-%5($21,!41-1%!J!38(1.#('$,!(1%$%.!:::::::::::::::::::::::::::!TY!
O$4*(1!P:T!E/$-!41-1%!'6!$-.1(1%.!%#'&!/!41'4(/3#$5/+!%#$6.!$-!E/+/&$!::::::::::::::::::::::::::!TT!
O$4*(1!P:U!]1--!9$/4(/7!'6!'01(!.(/-%5($21,!41-1%!J!21-,$'5/(2!(1%$%.!:::::::::::::::::::::::::!UT!
O$4*(1!P:V!_01(1N3(1%%$'-!'6!.#1!7/$-!*3J(14*+/.1,!;aCQ^[%!::::::::::::::::::::::::::::::::::::::::!UU!
O$4*(1!P:S[!@-%15.$5$,1!5('%%!(1%$%./-51!21.&11-!31(71.#($-!/-,!21-,$'5/(2!:::::::::::::::!VP!
O$4*(1!P:SS!;'((1+/.$'-!21.&11-!7$5('/((/8!3('21%!/-,!ZF"JC;F!%!:::::::::::::::::::::::::::::::!VY!
O$4*(1!P:SRb!O'+,!;#/-41!6'(!5'77'-+8!'01(J.(/-%5($21,!41-1%!:::::::::::::::::::::::::::::::::::::!VT!
O$4*(1!P:SP!K'5/.$'-!'6!ZF"JC;F!3($71(%!/-,!7$5('/((/8!3('21%:!:::::::::::::::::::::::::::::::::!S[[!!
O$4*(1!Q:S!I*5+1'.$,1!,$01(%$.8!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SSP!
O$4*(1!Q:R!L+$,$-4!&$-,'&!/-/+8%$%!'6!./01023!/-,!./01024!::::::::::::::::::::::::::::::::::::::::!SSQ!
O$4*(1!Q:P!D-/+8%$%!'6!-*5+1'.$,1!5#/-41%!/-,!.'./+!-*721(!'6!#/3+'.831%!::::::::::::::::::!SS^!
O$4*(1!Q:Q!./01023!/7$-'!/5$,!%1Z*1-51!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SST!
O$4*(1!Q:^!./01024)/7$-'!/5$,!%1Z*1-51!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SSU!
O$4*(1!Q:Y!B/3+'.831!9$%.($2*.$'-!D-/+8%$%!!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SSV!
O$4*(1!Q:T!";L!-1.&'()!'6!./01023)/-,)./01024!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SRS!
O$4*(1!Q:U!E/N$7*7J+$)1+$#'',!C#8+'41-1.$5!"(11!./01023)/-,)./01024!:::::::::::::::::::!SRR!
O$4*(1!Q:V!L+$,$-4!&$-,'&!/-/+8%$%!'6!./0156:!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SR^!
O$4*(1!Q:S[!C('.1$-!.(/-%+/.$'-!'6!-'-J%8-'-87'*%!LIC%!./0156!:::::::::::::::::::::::::::::::!SRY!
O$4*(1!Q:SS!";L!-1.&'()!'6!./0156!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SRU!
O$4*(1!Q:SR!E/N$7*7J+$)1+$#'',!C#8+'41-1.$5!"(11!./0156:!:::::::::::::::::::::::::::::::::::::::!SRV!
O$4*(1!Q:SP!L+$,$-4!&$-,'&!/-/+8%$%!!'6!./01!!7!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SPS!
O$4*(1!Q:SQ!C('.1$-!.(/-%+/.$'-!'6!-'-J%8-'-87'*%!LIC%!./01!!7!::::::::::::::::::::::::::::::!SPR!
! S"##!
O$4*(1!Q:S^!B/3+'.831!9$01(%$.8!'6)./01!!7:!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SPP!
O$4*(1!Q:SY!";L!-1.&'()!6'(!./01!!7!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SPQ!
O$4*(1!Q:ST!E/N$7*7J+$)1+$#'',!C#8+'41-1.$5!"(11!'6!./01!!7:!:::::::::::::::::::::::::::::::::!SP^!
O$4*(1!Q:SU!B/3+'.831!9$01(%$.8!6'()./01023)3"8)./01024!:::::::::::::::::::::::::::::::::::::::::::!SPU!
O$4*(1!Q:SV!E/N$7*7J+$)1+$#'',!C#8+'41-1.$5!"(11!'6!./01023!./01024!::::::::::::::::::::!SPV!
O$4*(1!Q:R[!B/3+'.831!9$01(%$.8!6'()./0156!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SQS!
O$4*(1!Q:RS!";L!-1.&'()!'6!./0156!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SQR!
O$4*(1!Q:RR!@-%15.$5$,1!(1%$%./-51!.'!31(71.#($-!*%$-4!1N3'%*(1!.$71%!::::::::::::::::::::::::!SQT!
O$4*(1!Q:RP!K"^[!'6!617/+1!OS!7'%Z*$.'1%!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SQU!
O$4*(1!Q:RQ!L5#17/.$5!'6!LIC%!3(1%1-.!$-!(1%$%./-.!<ML!:::::::::::::::::::::::::::::::::::::::::::::::!S^R!
O$4*(1!Q:R^!M<DL!'6!(1%$%./-.!/-,!%*513.$2+1!!"-)*+"&(,+(!41-'71!:::::::::::::::::::::::::::::!S^P!!
O$4*(1!^:S!;#('7'%'7/+!7/3!'6!.#1!%101-.11-!7$5('%/.1++$.1!7/()1(%!:::::::::::::::::::::::!SY^!
O$4*(1!^:R!L3/.$/+!7/3!'6!.#1!7$5('%/.1++$.1!3+1N!,1%$4-!::::::::::::::::::::::::::::::::::::::::::::::::!SYT!
O$4*(1!^:P!E/3!'6!+'5/.$'-%!*%1,!6'(!3'3*+/.$'-!%.(*5.*(1:!:::::::::::::::::::::::::::::::::::::::::::!SYV!
O$4*(1!^:Q!L5#17/.$5!'6!.#1!9$7:!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!STQ!
O$4*(1!^:^!E$5('%/.1++$.1!%315.(*7!/-,!31/)%!'6!.#(11!3+1N1%:!::::::::::::::::::::::::::::::::::::::!STU!
O$4*(1!^:Y!D++1+1!6(1Z*1-5$1%!6'(!7/()1(%!/-,!%/73+1%!::::::::::::::::::::::::::::::::::::::::::::::::::!STV!
O$4*(1!^:T!;#('7'%'7/+!7/3!&$.#!7/()1(%!,10$/.$-4!6('7!B<\!:::::::::::::::::::::::::::::::::!SU^!
O$4*(1!^:U!C'3*+/.$'-!%.(*5.*(1!J!-1$4#2'(!='$-$-4!.(11!/-,!.#1!E/-.1+!.1%.!::::::::::::::::!SVR!
O$4*(1!^:V!M(/3#$5/+!(13(1%1-./.$'-!'6!.#1!%.(*5.*(1!'6!%'*.#1(-!D6($5/!:::::::::::::::::::::::!SV^!
O$4*(1!^:S[!D%%1%%71-.!'6!41-1.$5!,$01(%$.8!2/%1,!'-!SJc$-.1(!:::::::::::::::::::::::::::::::::::::::!SVT!
O$4*(1!^:SS!C($-5$3+1!5'73'-1-.!/-/+8%$%!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SVU!
O$4*(1!^:SR!L5#17/.$5!'6!.#1!RF!5#('7'%'71!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SVV!
O$4*(1!^:SP!I*5+1'.$,1!,$01(%$.8!3'%.J$-.1(01-.$'-!'-!.#1)9$7!::::::::::::::::::::::::::::::::::::::!R[[!
O$4*(1!^:SQ!I*5+1'.$,1!,$01(%$.8!'6!%/73+1%!3(1!/-,!3'%.J$-.1(01-.$'-!::::::::::::::::::::::::!R[R!
O$4*(1!^:S^!B/3+'.831!9$01(%$.8!'6!9$7:!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!R[P!
O$4*(1!^:SY!";L!I1.&'()!21.&11-!3(1!/-,!3'%.J$-.1(01-.$'-!:::::::::::::::::::::::::::::::::::::::!R[Q!
! S"###!
O$4*(1!^:ST!E/N$7*7J+$)1+$#'',!C#8+'41-1.$5!"(11!6('7!HD;R^!::::::::::::::::::::::::::::::::::!R[^!
O$4*(1!^:SU!L+$,$-4!&$-,'&!/-/+8%$%!'6!./01023!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!R[U!
O$4*(1!^:SV!I*5+1'.$,1!,$01(%$.8!'6!./01023!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!R[V!
O$4*(1!^:R[!B/3+'.831!9$%.($2*.$'-!D-/+8%$%!'6!./01023!:::::::::::::::::::::::::::::::::::::::::::::::!RS[!
O$4*(1!^:RS!";L!-1.&'()!'6!./01023!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!RSR!
O$4*(1!^:RR!E/N$7*7J+$)1+$#'',!C#8+'41-1.$5!"(11!'6!./01023!:::::::::::::::::::::::::::::::::::!RSP!
O$4*(1!^:RP!E/3!(13(1%1-.$-4!.#1!31%.$5$,1!*%1!$-!E/+/&$!:::::::::::::::::::::::::::::::::::::::::::!RSU!
!
@$5'*(7*+&.4"*
*
"/2+1!SJS!L*77/(8!'6!.#1!15'+'4$5/+!5#/(/5.1($%.$5%!'6!O*-1%.*%!M('*3!:::::::::::::::::::::::::!SY!
"/2+1!SJR!<B_!/33('01,!@FL!$-%15.$5$,1%!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!RP!
"/2+1!SJP!!@-%15.$5$,1!$73(14-/.1,!-1.%!/33('01,!6'(!015.'(!5'-.('+!:::::::::::::::::::::::::::::!RQ!!
"/2+1!RJS!L315$1%!@,1-.$6$5/.$'-!3($71(%!J!O*-1%.*%!5'73+1N!::::::::::::::::::::::::::::::::::::::::::!^ R!
"/2+1!RJR!;aCQ^[!41-1%!3($71(%!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!Y[!!
"/2+1!PJS!C($71(%!*%1,!6'(!ZF"JC;F!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!TP!
"/2+1!PJR!"'./+!E$5('/((/8!3('21%!*3J(14+/.1,!/-,!,'&-J(14*+/.1,!::::::::::::::::::::::::::::::!T^!
"/2+1!PJP!"'3!d3J(14*+/.1,!41-1%!J!F1%$%./-.!.'!C1(71.#($-!::::::::::::::::::::::::::::::::::::::::::!U[!
"/2+1!PJQ!"'3!d3JF14*+/.1,!M1-1%!J!;'-.('+!01(%1!L*%513.$2+1!::::::::::::::::::::::::::::::::::::::!U^!
"/2+1!PJ^b!!"'3!,'&-J(14*+/.1,!41-1%!JF1%$%./-.!.'!31(71.#($-!01(%1!%*%513.$2+1!::::::::!UY!
"/2+1!PJY!"'3!d3JF14*+/.1,!M1-1%!J!H1-,$'5/(2!F1%$%./-.!01(%1!L*%513.$2+1!::::::::::::::::!UV!
"/2+1!PJT!"'3!,'&-J(14*+/.1,!3('21%!e!21-,$'5/(2!(1%$%./-.!::::::::::::::::::::::::::::::::::::::::!VS!
"/2+1!PJU!;('%%!F1%$%./-51!J!d3JF14*+/.1,!M1-1%!$-!E/+/&$!:::::::::::::::::::::::::::::::::::::::::::!VQ!!
"/2+1!QJS!./01023!/-,!./01024!%*77/(8!'6!3'+87'(3#$%7%!%./.$%.$5%!:::::::::::::::::::::::!SSR!
! S#S!
"/2+1!QJR!L*77/(8!'6!41-1.$5!,$01($%.8!%./.$%$.5%!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SRQ!
"/2+1!QJP!./0156!%*77/(8!'6!3'+87'(3#$%7%!%./.$%.$5%!::::::::::::::::::::::::::::::::::::::::::::::!SR^!
"/2+1!QJQ!L*77/(8!'6!41-1.$5!,$01($%.8!%./.$%$.5%!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SPS!
"/2+1!QJ^!D--'./.1,!ML"%!/-,!;aCQ^[%!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SQQ!
"/2+1!QJY!<#'+1!41-'71!%1Z*1-5$-4!71.($5%!6'(!(1/,!+1-4.#!/-,!/+$4-71-.!::::::::::::::!SQV!
"/2+1!QJT!C#1-'.831!+$-)1,!E*./.$'-%!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!S^S!!
"/2+1!^JS!C+1N!,1%$4-%!/-,!3($71(!$-6'(7/.$'-!'6!.#1!ST!7$5('%/.1++$.1!:::::::::::::::::::::::!SYY!
"/2+1!^JR!;'++15.$'-!%$.1%!$-!%'*.#1(-!D6($5/!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SYV!
"/2+1!^JP!C($71(!%1.%!6'(!.#1!6$01!HD;!%1Z*1-51%!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!STQ!
"/2+1!^JQ!910$/.$'-!6('7!B<\!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SUR!
"/2+1!^J^!B/(,8!<1$-21(4!\Z*$+$2($*7!%./.$%.$5%!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SUP!
"/2+1!^JY!B/(,8!<1$-21(4!\Z*$+$2($*7:!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SUY!
"/2+1!^JT!E/.($N!'6!3/$(&$%1!O%.!5'73/($%'-%!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!SUU!
"/2+1!^JU!E/.($N!'6!3/$(&$%1!O%.!5'73/($%'-%!'01(!.$71!::::::::::::::::::::::::::::::::::::::::::::::::!SV[!
"/2+1!^JV!L*77/(8!%./.$%.$5%!6'(!3'+87'(3#$%7%!J!^!HD;!5+'-1%!:::::::::::::::::::::::::::::::::::!R[S!
"/2+1!^JS[!L*77/(8!%./.$%.$5%!C(1!/-,!C'%.!$-.1(01-.$'-!::::::::::::::::::::::::::::::::::::::::::::::!R[T!!
*
*
*
*
*
*
*
*
*
*
! SS!
2../"6$&'$()5*
!&-)) ) !&8&())
D;\) ) /-4$'.1-%$-J5'-01(.$-4J1-G871!$-#$2$.'(!
D;#\!! ! /51.8+5#'+$-1%.1(/%1!!
!"-)) ) !"#$%&'&()!
:,;)) ) :3<;''+(),%+9;"=;&"(;();(93&'&"(;()!
HKDL"!!2/%$5!+'5/+!/+$4-71-.!/-,!%1/(5#!.''+!!
:() ) :3<;''+()($%3&9;<+())
;! ! ;'-.('+!7'%Z*$.'!e!*-1N3'%1,!.'!$-%15.$5$,1!
59ID!! ! 5'73+$71-./(8!9ID!!
;)&! ! ;#$)&/&/?!E/+/&$!
;_\! ! 5/(2'N8+1%.1(/%1!
5FID! ! 5'73+171-./(8!FID!
;"K! ! ;J.831!+15.$-%!
.>-) ) ).+'&>)!
58P! ! 58/-$-1!P!
58^! ! 58/-$-1!^!
;aCQ^[!! 58.'5#('71!CQ^[!!
?-)) ) ?9#(#$%;'3)!
99"!! ! ,$5#+'(',$3#1-8+.($5#'('1.#8+1-1!!
9ID!! ! ,1'N8($2'-*5+1$5!/5$,!!
,I"C!! ! ,1'N8($2'-*5+1'.$,1!.($3#'%3#/.1!
@:!! ! @(<%&9;<%;3)
O[! ! 6$1+,!5/*4#.!41-1(/.$'-!
OS! ! 6$(%.!41-1(/.$'-!
MDHD!! ! 4/77/J/7$-'2*.8($5!/5$,!!
MDK\! ! M/+15.$-%!
49ID!! ! 41-'7$5!9ID!
ME! ! 41-1.$5/++8!7',$6$1,!
MEDC! ! M+'2/+!E/+/($/!D5.$'-!C+/-!!
ML"!! ! 4+*./.#$'-1JL!.(/-%61(/%1!!
M<DL! ! 41-'71J&$,1!/%%'5$/.$'-!%.*,8!
@FL! ! $-,''(!(1%$,*/+!%3(/8$-4!!
@"I!! ! $-%15.$5$,1!.(1/.1,!-1.!!
A89)) ) )-'5),'&-!(1%$%./-51!!
K"^[!! ! 71,$/-!+1.#/+!.$71!!
KK@I!! ! +'-4!+/%.$-4!$-%15.$5$,/+!-1.%!!
KL"E!! ! K$01(3''+!L5#''+!'6!"('3$5/+!E1,$5$-1!!
E!! ! 7'+/(!!
E4;+R!!! 7/4-1%$*7!5#+'($,1!!
E$-!! ! 7$-*.1%!!
I/;+!! ! %',$*7!5#+'($,1!!
! SS#!
I))! ! I)#'./)'./?!E/+/&$!
I%8-! ! I'-J%8-'-87'*%!
_C! ! '(4/-'3#'%3#/.1!
CH_! ! '(4/-'3#'%3#/.1!
C;F!! ! 3'+871(/%1!5#/$-!(1/5.$'-!
CMFC%! ! C13.$,'4+85/-!(15'4-$.$'-!C('.1$-%!
CCF%! ! 3/..1(-!(15'4-$.$'-!(1513.'(%!
CF@! ! C+/%7',$*7JF1%$%./-51!@%+/-,!!
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I*(G&
G"$48
"&
I*(G&
J
K6)/"K
)/"&
I*(G&
L64K5
"5
"&
!"#
$%&'()!*++,-
./011-
+10.2-
/203/-
-
4
5-
567&,/,888-
+01+-
30.2-
/,0,,-
59
5:,,+,3/;:5-
<1=->%$"="#
?@-A>"B'%&-=.-
567&,//,+3-
3023-
2081-
/+01,-
59
5:,,,2,+;:5-
59
5:,,,2,+;:5--
567&,/,31<-
80*+-
80*+-
<0<,-
59
5:,,**.8;:5-
59
5:,,**.8;:5--
567&,/<82*-
<20+8-
.80/+-
//0*/-
59
5:,,*+/,;:5-
59
5:,,*+/,;:5-
567&,,<1,2-
.0.1-
+0+*-
30+,-
59
5:,/</8*;:5-
59
5:,/</8*;:5--
567&,//,*8-
1083-
10+1-
80</-
--
5@!"C"@-('CD(>"E'&?='-
567&,,3<<8-
<30,.-
8+02,-
220<.-
59
5:,,1/+/;:5-
?>E%&%&"=7!!%&?B'-@D?='-
567&,/<2./-
10,<-
20./-
20/,-
59
5:,,.823;:5-
!E/212.-!E/212.;A?-
567&,/*3</-
<+0/+-
*10*<-
80*+-
59
5:,,28,3;:5-
!CD#
"B>DA=%&-/-
567&,,822*-F!"#$%
&G-
.30,2-
.302*-
/<0.,-
59
5:,,1</*;:5-
!DB"!C>"#
'-A+.,-
567&,/<888-FHI:+H<8G-
/30.,-
<2081-
<0//-
59
5:,,3<+2;:5--
!DB"!C>"#
'-A+.,-
567&,,12/+-F!"#$''(G-
/<022-
10<.-
.0<,-
59
5:,,<12<;:5-
!DB"!C>"#
'-A+.,-
!"#$#)*-
102,-
//0**-
<*032-
59
5:,,<12.;:5-
!DB"!C>"#
'-A+.,-
!"#$#)+-
10*8-
/*08.-
*30+,-
59
5:,,<12.;:5-
!DB"!C>"#
'-A+.,-
HI:2J
*-
80,8-
*0*8-
/,0//-
59
5:,,1</*;:5--
!DB"!C>"#
'-A+.,-
HI:2K/-
*0,/-
<03.-
*0,+-
59
5:,,1</3;:5-
!DB"!C>"#
'-A+.,-
567&,,3.1+-FHI:2J
+G-
*01<-
*0./-
/<0+.-
59
5:,,1</+;:5-
!DB"!C>"#
'-A+.,-2?1-
!"#
$%&'()!1<,2-
10+<-
.082-
20<,-
--
(&?-@%E?='-/;@%L'-
567&,/+<2+-
<0<<-
<0.+-
+03<-
59
5:,,*81.;:M-
E@7!"='-('CD(>"E'&?='-
567&,/+,82-
<3033-
<,08/-
+*02,-
59
5:,,,2,*;:5-
NDA"BC'B%!?@-A>"B'%&-
567&,,8+*/-
20+8-
10+/-
<01+-
59
5:,/,28<;:5-
#
%B"!-=7!!%&?B'-('CD(>"-!DB$-=7$7&%B-
!"#
$%&'()!82/-
1*0/1-
//8021-
2/02/-
--
4
5-
567&,,<3+*-
302+-
/+0/*-
30.,-
59
5:,/,383;:5-
4
5-
567&,,,,3<-
.03+-
/<012-
<02+-
--
4
5-
567&,,1118-
<<0//-
+*0.1-
10.,-
59
5:,//338;:5-
&7!@'"B%('-$%&(%&E-A>"B'%&-/-F4
O
P:-/G-
!
"$!
567&,/,/.,-
8012-
30//-
+03,-
59
5:,//33+;:5-
AC"=AC"A?&B"BC'&"D@!D=B'%&'-('!?>$-
567&,,1321-
30+8-
/*012-
10<,-
59
5:,//*8.;:5-
='@'&"AC"=AC?B'-=D&BC?='-
567&/*2<2-
/,031-
/.0+.-
**0..-
--
='>%&'-A>"B'?='-
567&,,++82-
*80,,-
**03.-
80.1-
59
5:,,*<+3;:5-
='>%&'-A>"B'?='-/+-
!8*1-
10</-
80//-
20+*-
--
QC">B;HC?%&-('CD(>"E'&?='-
567&,,3</8-
<+0<,-
/<012-
<+0./-
59
5:,/</88;:5-
=B'>%@'-?@AC?-#
"B%6-
567&,,1<3*-
+.013-
/*<0<,-
*<0./-
59
5:,,1<3/;:5-
B>DA=%&;>'@?B'(-A>"B'?='-
567&,/,33,-
/*0*8-
/+0<*-
/<0+,-
59
5:,/,23*;:5-
R
(;>'A'?B-A>"B'%&-
567&,,83.,-
;-
1082-
208,-
59
5:,,/,+.;:5-
59
5:,,/,+.;:5-F',-./0102-E?#
$%?'-
567&,,,828-
;-
20.,-
<03,-
59
5:,,3/.3;:5-
?#
A-('A'&('&B-@%E?='-
567&,/./,/-
;-
.0./-
+0,,-
59
5:,,<.3*;:5-
?A"@%A"A>"B'%&-(-
567&,/</3+-FHI:2:<G-
;-
.0</-
<08,-
59
5:,,<123;:5-
!DB"!C>"#
'-A+.,-
567&,,8+23-FHI:3S//G-
;-
<021-
*0/,-
59
5:,/<<32;:5-
!DB"!C>"#
'-A+.,-
567&,/</38-FHI:*,+P/G-
;-
<0/+-
<01,-
59
5:,,*,22;:5-
!DB"!C>"#
'-A+.,-
567&,,8+23-
;-
<021-
*0,8-
59
5:,/<<32;:5-
!DB"!C>"#
'-A+.,-
567&,,8*23-
;-
<0+1-
<0+2-
59
5:,,<12.;:5-
!DB"!C>"#
'-A+.,-
567&,/</3+-
;-
.0</-
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59
5:,,<123;:5-
!DB"!C>"#
'-A+.,-
567&,/</38-
;-
<0/+-
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59
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'-A+.,-
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;-
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--
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+08<-
59
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*0+2-
;-
<0+,-
59
5:,,3<+/;:5-
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'-A+.,-
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*0<2-
;-
*0/<-
59
5:,,1</3;:5-
!DB"!C>"#
'-A+.,-
567&,,8823-
<01/-
;-
<0+<-
59
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'-A+.,-!DA3L/-
!
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80.*-
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*0+,-
59
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#
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/301.-
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/102,-
59
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4
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10</-
;-
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-
=C">B;!C?%&-('CD(>"E'&?='-
!"#
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*031-
;-
<0*/-
-
=">$%B"@-('CD(>"E'&?='-
567&,,+**8-
.0,.-
;-
;-
59
5:,//831;:5-
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567&,/<222-
*0*,-
;-
;-
59
5:,,<+<3;:5-
!DB"!C>"#
'-A+.,-
567&,/,3*2-
<0,3-
;-
;-
59
5:,,3<+/;:5-
!DB"!C>"#
'-A+.,-
567&,,/*/*-
<0,,-
;-
;-
59
5:,/<<32;:5-
!DB"!C>"#
'-A+.,-
567&,,8+.,-
<0+/-
;-
;-
59
5:,,3/3+;:5-
E@7B?BC%"&'-=;B>?&=6'>?='-
567&,,,,+.-
<0.,-
;-
;-
59
5:,,3/3+;:5-
E@7B?BC%"&';=;B>?&=6'>?='-E=B-
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;-
59
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;-
59
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59
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*0,+-
;-
59
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59
5:,,<<81;:5-
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59
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59
5:,,8+1,;:5-
!DB"!C>"#
'-A+.,-
567&,/.*//-
;-
80,2-
;-
59
5:,,,11<;:5-
'=B>?(%"@-/8;$'B?;('CD(>"E'&?='-<-
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$%&'()!<./<-
;-
20,<-
;-
-
E@7!"=';2;AC"=AC?B'-/;('CD(>"E'&?='-
567&,/*1++-
;-
<0./-
;-
59
5:,,<+<.;:5-
E@7B?#
?B'-('!?>$"UD@?='-
567&,,8+33-
;-
<0.*-
;-
59
5:,,+/2+;:5-
E@7B?BC%"&'-B>?&=6'>?='-
567&,,1*.+-
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20/<-
;-
59
5:,,+*1<;:5-
E@7B?BC%"&'-B>?&=6'>?='-F?E?A,,+*1<;A?G-
567&,,/*3<-
;-
20.+-
;-
-
E@D!%&'-('CD(>"E'&?='-
567&,/**18-
;-
<02<-
;-
59
5:,//1/3;:5-
A>"B'?='-B>?&=!>%AB%"&-6?!B">-
567&,,31*1-
;-
<0//-
;-
59
5:,,+1.3;:5-
='>%&'-A>"B'?='-
!"#
$%&'()!*.2+-
;-
<0,+-
;-
='>%&'-A>"B'?='-
='>%&'-A>"B'?='-
567&,/./3.-
;-
<011-
;-
59
5:,,8<1,;:5-
='>%&'-A>"B'?='-&7('-
567&,//133-
;-
*01,-
;-
59
5:,/<./+;:5-
=C">B;!C?%&-('CD(>"E'&?='-
567&,//1,<-
;-
<0,+-
;-
59
5:,,*31+;:5-
=C">B;!C?%&-('CD(>"E'&?='-
567&,,<2<,-
;-
.0.8-
;-
59
5:,,/.1<;:5-
B>?&=%'&B->'!'AB">-!C?&&'@-A>"B'%&--
!
"&!
!"#
$%&'()!<11+-
;-
+0,*-
;-
-
B>?&=#
'#
$>?&'-A>"B'?='-
567&,//+,.-
;-
<08+-
;-
59
5:,,1*1/;:5-
7$%V7%B%&-=A'!%6%!-?=='#
$@D-6?!B">-
567&,/..<*-
;-
;-
*0/+-
59
5:,/,.1/;:5-
?$!-B>?&=A">B'>-
567&,,+//3-
;-
;-
<0,/-
59
5:,,/1.1;:5-
?$!E+-A>"B'%&-
567&,,1,/*-
;-
;-
<08,-
59
5:,,381*;:5-
?!D@;!"?-('CD(>"E'&?='-
567&,,3*/<-
;-
;-
.02,-
59
5:,,3821;:5-
?6/+/3*,)/C%EC-?66%&%BD-E?$?-B>?&=A">B'>-
567&,,118.-
;-
;-
<0<8-
59
5:,,*2.<;:P-
?@('CD('-('CD(>"E'&?='-
567&,,3+3<-
;-
;-
.03.-
59
5:,,/8<<;:5-
!?>$"UD@'=B'>?='-
567&,/<+81-
;-
;-
*0,1-
59
5:,,.8.8;:5-
!?>$"UD@'=B'>?='-
59
5:,,<13/T5)A7B?B%W'-
;-
;-
<0/.-
--
!C@">%('-!C?&&'@-A>"B'%&-<-
=">$%B"@-('CD(>"E'&?='-
;-
;-
<0*/-
-
!"#
$%&'()!83,+-
567&,/,3+3-
;-
;-
*0,<-
59
5:,/,118;:5-
!7B%!7@?>-A>"B'%&->>;/-6?#
%@D-
567&,,3.<<-
;-
;-
+0./-
59
5:,/<<3<;:5-
!DB"!C>"#
'-A+.,-
HI:24
/)>W!A@0='V-
;-
;-
<0.3-
59
5:,,1</,;:5--
!DB"!C>"#
'-A+.,-
567&,,**3+-
;-
;-
<0+*-
59
5:,,,<1+;:5-
!DB"!C>"#
'-A+.,-
HI:2J
<-
;-
;-
<0<<-
59
5:,,1</<;:5--
!DB"!C>"#
'-A+.,-
567&,/<888-
;-
;-
<0//-
59
5:,,3<+2;:5-
!DB"!C>"#
'-A+.,-
567&,,+<<*-
;-
;-
2081-
59
5:,,1*.1;:5-
!DB"!C>"#
'-A+.,-+(/-
567&,,3128-
;-
;-
<0/3-
59
5:,,11,/;:5-
E?$?;?->'!'AB">-%&B'>?!B%&E-6?!B">;/-
!"#
$%&'()!<2*2-
;-
;-
<0+1-
-
E@7!"=';2;AC"=AC?B'-/;('CD(>"E'&?='-
567&,//,+<-
;-
;-
/10.+-
59
5:,,**</;:5-
E@D!%&'-('CD(>"E'&?='-
567&,/+<81-
;-
;-
*0<2-
59
5:,,2*+8;:5-
A"B?==%7#
-!C?&&'@-
567&,,3,11-
;-
;-
.011-
59
5:,,+3,,;:5-
='>%&'-A>"B'?='-
567&,/+2<.-
;-
;-
+0*/-
59
5:,,3</+;:5-
='>%&'-A>"B'?='-
567&,/*2<2-
;-
;-
*0..-
59
5:,,*,.1;:5-
='>%&'-A>"B'?='-
567&,,2<<2-
;-
;-
<01<-
59
5:,,2/<,;:5-
='>%&'-A>"B'?='-
!"#
$%&'()!././-
;-
;-
<02,-
-
='>%&'-A>"B'?='-
567&,,221*-
;-
;-
<02/-
59
5:,,328,;:5-
='>%&'-A>"B'?='-='>A%&-
567&,//3,3-
;-
;-
<03/-
59
5:,,1,32;:5-
=AC%&E"#
D'@%&-AC"=AC"(%'=B'>?='-
567&,/<388-
;-
;-
<02,-
59
5:,,/.1<;:5-
X>?&=-!C?&&'@-A>"B'%&-A?%&@'==-
567&,,+3*+-
;-
;-
*0<1-
59
5:,/,.88;:5-
BD>"=D@;(&?-AC"=AC"(%'=B'>?='-
567&,/<12/-
;-
;-
<032-
59
5:,/,.88;:5-
BD>"=D@;(&?-AC"=AC"(%'=B'>?='-
567&,/</*2-
;-
;-
*0/8-
59
5:,,<.88;:5-
W"@B?E';('A'&('&B-!?@!%7#
-!C?&&'@-
567&,,2,/3-
;-
;-
<01,-
59
5:,/<+*+;:5-
W"@B?E';E?B'(-!?@!%7#
-!C?&&'@-=7$7&%B-
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CYP6P9a – Resistant!
 !
       445!
       990!
       046!
       PIE!
HR     PIE!
Moz10  .T.!
Moz11  ..G!
Moz11  .TG!
Mal1   S.. !
          CYP6P9a – Susceptible!
!
                         11233444 !
          12222333556667900557199!
        5750167269123565612641209!
H1      NVVLFHNNYNAQTHAKLELEQNIPA!
H2      ...................K.....!
H3      .......................S.!
Nkk3    ........................V!
MOZ6*   ..........SLF.Q..........!
Mal2    ......................L..!
Slm*    ....................T....!
ZB1     ...R.........R......T....!
ZB2     ...R.........R......P....!
ZB3     ...RL.S......R...........!
ZB4     SLLRLDSS.....R.I.........!
ZB5     SLLRLDSSNK...R.IMSD......!
 !
CYP6P9b – Resistant!
 !
       233!
       614!
       259!
       RGE!
HR*    GDV!
HR2    ..G!
NkkR   .V.!
ZbR    R.. !
      CYP6P9b – Susceptible!
!
                 11111122333 !
        55666888904455926266!
        12156379106912232014!
H1      GDFVFIRVTGERPDKFGLEN!
H2      .....V..............!
Moz-H1  .....V.........L.F..!
Mal6D   .....V.............S!
NkkD1   .....V.I...HQE......!
SlmD1   .....V....D.......K.!
SlmD3   R...................!
SlmD3   REMLLVH.NA........K.!
SlmD5   ..........D.........!
ZB-H1   ................R...!
ZB2D    ..........D...R.R...!
ZB2D    .....V....D.........!
 !
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              11222222222333333334444444444444!
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         3607916794562345081894015656789477899!
H1       VESTLLVPWVTELTVEANDDRVVAYASDPKRRTAFLL!
H2       ..........................P..........!
Nkk-H1   ......................A...P..........!
Nkk_A3   I................H.N..A...P..........!
Slm_A1   ......L..A.K..........A..............!
Slm_A2   .AW.......................P......P...!
Slm_A3   .AW.......................P..........!
Slm_A5   ......................A...P.........V!
Ckw_A5   ......................LENGP.LDPH.PYF.!
Ckw_A2   ............VIIDE.Y.......P..........!
Ckw_A4   ............V...E.Y.......P..........!
Ckw_A8   ..........................P..EP......!
Ckw_A101 ..........................P..........!
Ckw_A102 ......LQ..M...............P..........!
Ckw_A103 ....................SE....P..........!
Ckw_A104 ...NHM..G.............LE..P..........!
Ckw_A104 ...NHM..G.........Y...LE..P...P......!
Ckw_A105 ...NHM....................PG.........!
Ckw_A105 ...NHM....................PG.......Y.!
Ckw_A106 ......LQ..................P..........!
CYP6AA1 – DEAD!
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Nkk_D7   AW........................!
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Ckw_D3   ................LDPHPYF...!
Ckw_D4   ......MK..D...............  !
Ckw_D5   ........VMDY..............!
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Ckw_D7   ................LDPHPYFVVR!
Ckw_D7   ................LDPHPYF...!
Ckw_D104 ......MK..D...............!
Ckw_D104 .......K..D...............!
Ckw_D103 ........VMDY..............!
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 MWI−SLM−10  MWI−NKK−10  ZAM−KTE−10 
 ZAM−KMA−10 
 ZA −KSM−10 
 WI−CKW−10 
 MWI−CKW−02 
 MOZ−CHO−09 
 MOZ−CHO−02 
 Eigenvalues 
! "##!
!"#"#&7)*.86+4-.&4*4-56)6&09&6.-.+2)0*&6):*42;(.&4(0;*<&2=.&(,%&(.:)0*&
!&$3'.*"#.$/&,3+.5$*"#$-+7,)*'.#$&3$-#(#/*+&,$&0-#.4#1$+,$*"#$KQ$/".&5&-&5#$
'-+,7$5+/.&-)*#((+*#$5).N#.-$%&(25&.%"+-5$%)**#.,-$&3$)$GKLN0$7#,&5+/$.#7+&,$
-%),,+,7$*"#$!"#$%2.#*".&+1$R!S$8T&,1U+$#*$)($KLLH;$6)-$),)(2-#1:$!&$-'33+/+#,*(2$
#,/&5%)--$*"#$3'(($GKLN0$&3$*"#$!"#C$3+4#$3.)75#,*-$)4#.)7+,7$ILL$0)-#$%)+.-$),1$
-%),,+,7$*6&$+5%&.*),*$%2.#*".&+1$5#*)0&(+F+,7$7#,#-C$$%&'&()$),1$$%&'&(*+,6#.#$
),)(2-#1$8=+7'.#$P:GK;:$$
!&$4)(+1)*#$*"#$%.#-#,/#$&3$*"#$-#(#/*+4#$-6##%$6#$5)1#$*6&$"2%&*"#-#-V$+;*")*$
+,$/)-#$&3$-#(#/*+&,C$)$-*.&,7#.$.#1'/*+&,$&3$1+4#.-+*2$6+(($0#$&0-#.4#1$)/.&--$!"#$+,$
-&'*"#.,$E)()6+$8@N6;C$6"#.#$"+7"#.$#?%.#--+&,-$&3$$%&'&()$),1$$%&'&(*$).#$
&0-#.4#1$*"),$+,$,&.*"#.,$(&/)*+&,$&3$W)(+5)$),1$XN"&*)N&*)$6"#.#$(&6#.$#?%.#--+&,$+-$
&0-#.4#1V$++;$*")*$)$/&,/('-+4#$-+7,)*'.#$&3$-#(#/*+4#$-6##%$6+(($0#$+1#,*+3+#1$+3$)$
-+7,+3+/),*$.#1'/*+&,$&3$7#,#*+/$1+4#.-+*2$+-$&0-#.4#1$*#5%&.)((2$+,$0&*"$@"+N6)6)$+,$
-&'*"#.,$E)()6+$),1$@"&N6#$+,$-&'*"#.,$E&F)50+D'#$)3*#.$+,-#/*+/+1#<0)-#1$
+,*#.4#,*+&,-$/&5%).#$*&$-)5%(#-$%&-*<+,*#.4#,*+&,:$
!"#$%&'()*D'I-=&132"-'0J'2=&'DK'-=%010501&'<"2='3//'1"-%0532&//"2&5'/0-"'$5&6F'J0//0<&6':4'
2=&'(,%'",-/$6",#'2=&'('@LH'-/0,&5'$5&6'J0%'5&M$&,-&'5$%%0$,6",#'2=&'#&,&'/>'?'@4)'
''
$
$
!"#$%&' !"()*' "+,-' !"#$*' !"#$.&' !"#$/' !"#$.0' "+,1'
2.%34' 2534' 60534' 67*34'6*834'
0-'
9:;*;5<'
!"#$
.=' /='
! %&&!
!"#"#"%&A.*.2)+&B)C.(6)25&09&2=.&(,%&
!"#$%&(25&.%"+/$),)(2-+-$&3$*"#$3+4#$MA@$/(&,#-$.#4#)(#1$*6&$5)+,$3+,1+,7-Y$G;$
7#,#*+/$1+4#.-+*2$&3$*"#$!"#$1&#-$,&*$-"&6$7#&7.)%"+/)($4).+)*+&,$+,$-)5%(#-$/&((#/*#1$
%&-*$+,*#.4#,*+&,$0'*$1&#-$-"&6$)$-#(#/*+4#$-6##%$&//'..+,7$,#).$$%&'&()$),1$$%&'&(*$
K;$*"#$&0-#.4#1$-#(#/*+4#$-6##%$1&#-$,&*$&//'.$+,$-)5%(#-$/&((#/*#1$0#3&.#$+,-#/*+/+1#$
+,*#.4#,*+&,:$'()*+,!+-.).!(*!/!01**!(2!31+-!4.2.+(5!6(7.)*(+8!/26!-/901+89.!6(7.)*(+8!:(+-(2!+-.!!"#$%;9.5(<(5/008,!+-.!01**!1<!6(7.)*(+8!:/*!13*.)7.6!(2!=>?%@!AB#C3!/:/8!<)1D!&'()(*+!/26!&'()(*,E,!=>?FG!AH%#C3E,!/26!=>?#@!AHF"C3E!A'(4I).!@J"GEJ!!'1)!*/D90.*!5100.5+.6!91*+B(2+.)7.2+(12!+-.!*.KI.25.*!/+!+-.!GL!/26!@L!.26!1<!+-.!"%&C3!).4(12!-/7.!+-.!-(4-.*+!*I3*+(+I+(12*!:-(0.!+-.!*.KI.25.*!2./)!&'()(*+!/26!
&'()(*,!-/7.!/!6)19!(2!6(7.)*(+8J!M-.).!(*!/!6)19!(2!+1+/0!*I3*+(+I+(12*!3.+:..2!+-.!=>?&!/26!=>?"%&!51D9/).6!+1!+-.!+-)..!(2+.)2/0!*.KI.25.*!AM/30.!@B#;:$!"+-$
-#(#/*+4#$-6##%$0#/)5#$5&.#$)%%).#,*$6"#,$-)5%(#-$/&((#/*#1$%.#<+,*#.4#,*+&,$6#.#$
),)(2-#1$6+*"$*"#$-)5%(#-$/&((#/*#1$%&-*<+,*#.4#,*+&,$
!"#$%&'()*N'>$-/&02"6&'6"9&%5"24'0J'531./&5'-0//&-2&6'.0528",2&%9&,2"0,'3/0,#'2=&'(,%'
<=&%&'2=&'*EEE:.'93/$&'%&.%&5&,25'6"523,-&'J%01'/>'?'@4'3,6'/>'?'@D'
$
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!
&!&J&&@!
&J&"!&J&"@!
&J&%!&J&%@!
BGNC3! B#C3! H%#C3! HF"C3! H$FC3!
!"
#$%&'()*+'",*-'./*)0"
;OPQ%&""!RSSQ%&""!?STQ%&"&!PUVQ%&"&!
! %&"!
O3:/&'(8P'I$113%4'5232"52"-5'J0%'.0/410%.="515'('@LH'-/0,&5'5.3,,",#'2=&'(,%)'>'
A,$1:&%'0J'5&M$&,-&5'QR$3,:&-;'&2'3/)ST'I'A',$1:&%'0J'.0/410%.="-'5"2&5T'=F',$1:&%'0J'
=3./024.&5T'I4,'A'54,0,410$5'I>+5F'>54,'A',0,54,0,410$5'I>+5F'U'A',$-/&02"6&'6"9&%5"24'Q;'
A'1&3,',$1:&%'0J',$-/&02"6&'6"JJ&%&,-&5ST'V'A'O3W"13X5'VF'VY'A'!$'3,6'Z"X5'V'<=&%&'Y.[E)E('
3,6'YY.[E)E*)'
'' >' I' =' U' ;' V' VY' \6'Q526&9S'
@LH'E'
ILZ]BL' GJ$ ZG$ GL$ L:LGG$ I:G[$ <L:JZ[$ G:\[]]$ L:HZP$8L:LZK;$
>^\_OL^_OL' KL$ KH$ GG$ L:LGG$ \:JG$ <L:\PP$ G:\P]]$ L:JJH$8L:L[H;$
H^`aDEED' GJ$ GH$ J$ L:LLHZ$ P:HP$ L:LJH$ G:ZK$ L:JIH8L:L[H;$
H^`aDE*E' GJ$ \$ \$ L:LLGJ$ G:G\$ <G:GG$ <G:[I$ L:IGH$8L:LIJ;$
B_baDEED' GJ$ ZK$ H$ L:LKG$ GZ:P\$ G:P$ G:\\]]$ L:HKK8L:LZ\;$
B_baDE*E' GJ$ [$ Z$ L:LLGZ$ L:JP\$ <L:IH$ <G:\G$ L:PJK8L:L\G;$
@LH'D('
ILZ]BL' KL$ J$ K$ L:LLGL[$ L:J$ <K:GI]]$ <Z:GJ]]$ L:G$8L:LJJ;$
>^\_OL^_OL' GJ$ G\$ \$ L:LLK\J$ K:L\$ <K:GZ]$ <K:JG]]$ L:ZHH$8L:G[K;$
H^`aDEED' KL$ KK$ GG$ L:LLJL[$ \:G\$ <L:LK[$ L:GKH$ L:J[K$8L:LII;$
H^`aDE*E' GJ$ I$ K$ L:LLGLG$ L:IIJ$ <K:GL]$ <K:H[]]$ L:GGG$8L:LH\;$
B_baDEED' GJ$ GP$ GG$ L:LLI[$ P:\\$ G:GZ$ L:JPJ$ L:HKK$8L:L[K;$
B_baDE*E' GJ$ L$ G$ XA$ XA$ XA$ XA$ L$8XA;$
@LH'cN'
ILZ]BL' KL$ K$ K$ L:LLLP[$ L:ZIH$ <L:I\H$ L:J\\$ L:GJH$8L:GLJ;$
>^\_OL^_OL' GJ$ K$ K$ L:LLLPH$ L:[GJ$ <L:\JP$ L:JJP$ L:KLH$8L:GG\;$
H^`aDEED' GJ$ \G$ GL$ L:LZ[I$ K[:PJ$ G:[K$ G:\ZG$ L:H[J$8L:LK\;$
H^`aDE*E' KK$ KI$ \$ L:LLPHH$ [:KZJ$ <G:\Z$ L:G\K$ L:[IH$8L:GKJ;$
B_baDEED' GJ$ PZ$ H$ L:LKK[$ GP:JP\$ L:GGHJ$ G:IG]]$ L:HKK$8L:LZ\;$
B_baDE*E' G\$ H$ K$ L:LLPLJ$ Z:\$ G:KLK$ G:ZJJ]$ L:[$8L:GG[;$
@LH'P('
ILZ]BL' KL$ I$ P$ L:LLZPJ$ K:[PJ$ L:JLJ$ L:\I[$ L:\G\$8L:GL\;$
>^\_OL^_OL' GJ$ GL$ [$ L:LLZLP$ K:HLI$ <G:LGG$ G:[GK]$ L:P[H$8L:GK\;$
H^`aDEED' KL$ GI$ GP$ L:LLP\I$ Z:JJH$ <L:IL[$ <L:HLI$ L:H\J$8L:LKP;$
H^`aDE*E' GJ$ J$ \$ L:LLGHH$ G:Z\\$ <G:[Z[$ <L:J[K$ L:P\K$8L:GZ[;$
B_baDEED' KL$ [L$ GP$ L:LKZ\$ G\:GIH$ G:IZZ$ G:PP[]$ L:HPJ$8L:LZZ;$
B_baDE*E' GJ$ GG$ \$ L:LLZP\$ K:[[[$ <L:J\$ G:LGZ$ L:\KI$8L:GK[;$
@LH'*DE'
ILZ]BL' GJ$ GK$ [$ L:LLI\G$ P:LJP$ G:\JH$ G:[\]$ L:IKP$8L:LPP;$
>^\_OL^_OL' KL$ GJ$ I$ L:LLP\K$ Z:IPZ$ <G:GZK$ <L:GLG$ L:\JH$8L:GLP;$
H^`aDEED' GJ$ K[$ J$ L:LG\Z$ GL:JP\$ G:HPH$ G:[LK]$ L:JHP$8L:LZJ;$
H^`aDE*E' GJ$ GP$ I$ L:LLZP$ K:Z[$ <G:IPI$ <G:[Z\$ L:\HZ$8L:GG[;$
B_baDEED' GJ$ Z\$ GL$ L:LKKK$ G[:JP\$ G:[LZ$ G:ZJP]$ L:HZP$8L:LZK;$
B_baDE*E' GJ$ KH$ [$ L:LKLZ$ GZ:PKH$ K:[K[]$ G:\Z]]$ L:I\P$8L:LPG;$
$
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+,*#.4#,*+&,$-)5%(#-$8=+7'.#$P:G[;:$!"#.#$6)-$)(-&$&4#.$*6+/#$*"#$,'50#.$&3$-'0-*)*+&,-$
+,$%.#<+,*#.4#,*+&,$-)5%(#-:$$
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/>'?'@4'3,6'/>'?'@D'
$
!"+-$-#(#/*+4#$-6##%$6)-$)(-&$)%%).#,*$'-+,7$")%(&*2%#$1+4#.-+*2:$!"#$5&-*$
-+7,+3+/),*$(&--$&3$1+4#.-+*2$&//'..#1$+,$MA@KPC$&,(2$HN0$3.&5$*"#-#$*6&$+5%&.*),*$
%2.#*".&+1<5#*)0&(+F+,7$7#,#-C$$%&'&()$),1$$%&'&(*:$$MA@KP$")1$)$")%(&*2%#$&3$
"_GGCGG$+,$%.#<+,*#.4#,*+&,$-)5%(#-$),1$"_KCG$+,$%&-*<+,*#.4#,*+&,$-)5%(#-$+,$E)()6+$
),1$E&F)50+D'#$.#-%#/*+4#(2:$A$-+5+().$%)**#.,$6)-$&0-#.4#1$+,$MA@$\Z$8"_GLCH$+,$%.#<
+,*#.4#,*+&,$-)5%(#-$),1$"_\CK$+,$%&-*<+,*#.4#,*+&,;$),1$MA@HP$8"_GPCGP$+,$%.#<
+,*#.4#,*+&,$-)5%(#-$),1$"_\C\$+,$%&-*<+,*#.4#,*+&,;:$!"+-$)(-&$/&..#-%&,1-$*&$)$(&--$+,$
*&*)($,'50#.$&3$%&(25&.%"+/$-+*#-$6"#.#$*"#.#$+-$)$1#/.#)-#$)3*#.$+,*#.4#,*+&,:$X&$(&--$
&3$1+4#.-+*2$+-$%.#-#,*$+,$*"#$%.#<+,*#.4#,*+&,$%&%'()*+&,-C$6"+/"$#?"+0+*$"+7"$")%(&*2%#$
1+4#.-+*2$#-%#/+)((2$+,$MA@KP$8`1Y$@"+N6)6)_L:JKC$E&F_L:HK;$),1$MA@\Z$8`1Y$
@"+N6)6)_L:HPC$E&F_L:HK;$/&5%).#1$*&$%&-*<+,*#.4#,*+&,$/&((#/*+&,-$8=+7'.#$P:GP;:$
!"#.#$6)-$)$.#/&4#.2$+,$1+4#.-+*2$,#).$*"#$#,1-$&3$*"#$!"#$8MA@L$),1$MA@GKL;$0.&)1(2$
-"&6+,7$)$-#(#/*+4#$-6##%$+-$&//'..+,7$).&',1$$%&'&()$),1$$%&'&(*$/&,-+-*#,*(2$
*".&'7"&'*$-&'*"#.,$A3.+/)C$%&-*<+,*#.4#,*+&,:$
&!&J&"!
&J&%!&J&G!
&J&N!
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;OPQ%&""!RSSQ%&""!?STQ%&&%!?STQ%&"&!PUVQ%&&%!
! %&G!
!"#$%&'()*('\3./024.&'V"9&%5"24'0J'(,%)'I=0<5'3'/055'0J'=3./024.&'6"9&%5"24',&3%'/>'?'@4'
3,6'/>'?'@D'3J2&%'",5&-2"-"6&'",2&%9&,2"0,'2=32'%&-09&%5'60<,52%&31'3,6'$.52%&31'0J'2=&5&'
#&,&5)'>0'/055'0J'6"9&%5"24'<35'0:5&%9&6'",'3,4'5&M$&,-&5'J%01'531./&5'-0//&-2&6':&J0%&'
",2&%9&,2"0,)'
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W+,/#$*"#.#$6)-$*"#$"+7"#-*$1+33#.#,/#$+,$1+4#.-+*2$)*$*"#$MA@KP$.#7+&,$),1$1'#$
*&$+*a-$/(&-#$%.&?+5+*2$*&$$%&'&()$),1$$%&'&(*$)$!@W$),)(2-+-$&3$*"#$MA@KP$6)-$/)..+#1$
&'*:$!"+-$.#4#)(#1$)$1+4#.-#$")%(&*2%#$-*.'/*'.#$6+*"$KK$',+D'#$")%(&*2%#-$+,$-)5%(#-$
/&((#/*#1$0#3&.#$+,*#.4#,*+&,$),1$&,(2$K$")%(&*2%#-$/&((#/*#1$%&-*$+,*#.4#,*+&,$8=+7'.#$
P:G\;:$!@W$,#*6&.N-$3&.$%&-*$+,*#.4#,*+&,$%&%'()*+&,-$+,/('1#1$),)(2-+-$6+*"$*".##$
%&%'()*+&,-$3.&5$E)()6+$),1$&,#$3.&5$E&F)50+D'#:$M2$)11+,7$W)(+5)$),1$XN"&*)N&*)$
*"#$*.#,1$/&'(1$0#$#-*)0(+-"#1$3&.$)(($*".##<%&%'()*+&,$/('-*#.-$1#*#.5+,#1$'-+,7$
5+/.&-)*#((+*#-:$!"#$),)(2-+-$&3$%&-*<+,*#.4#,*+&,$-)5%(#-$.#4#)(#1$&,#$5)U&.$")%(&*2%#$
8`K;$/&,-+-*+,7$&3$HPb$8\JcIK;$&3$*"#$-#D'#,/#-$+,$%&-*$+,*#.4#,*+&,$-)5%(#-$3.&5$)(($
(&/)*+&,$+,$E)()6+$),1$E&F)50+D'#:$d,*#.#-*+,7(2C$*"#$-)5#$.#-+-*),/#$")%(&*2%#C$`KC$
&0-#.4#1$+,$*"#$%&-*<+,*#.4#,*+&,$-)5%(#-$6)-$%.#-#,*$+,$*"#$%.#<+,*#.4#,*+&,$-)5%(#-$
/&((#/*#1$+,$E)()6+$),1$E&F)50+D'#$0'*$&,(2$/&,-+-*#1$&3$I:Pb$8Zc[L;:$!"#.#3&.#C$
MA@KP$+-$)(5&-*$3+?#1$*".&'7"&'*$-&'*"#.,$A3.+/):$$$
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!
0bp 25bp 63bp 95bp 120bpCYP6P9a/b
!
!
SLM
NKK
CKW2010
CKW2002
SM2009
SM2002
! %&N!
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$
!"#"#"E&F.62&09&6.-.+2)0*&
W#(#/*+&,$6)-$)(-&$1#*#.5+,#1$'-+,7$!)U+5)a-$>$),1$='$S+a-$>:$!"#.#$6)-$-#(#/*+&,$+,$
)*$(#)-*$*6&$%&%'()*+&,-$3&.$#4#.2$MA@$-#D'#,/#$),1$*"+-$4).+#1$+,$MA@LC$MA@\ZC$MA@HPC$
),1$MA@GKL:$MA@KP$-#D'#,/#-$-"&6#1$)$%)**#.,$&3$-*.&,7$%&-+*+4#$-#(#/*+&,$+,$)(($
(&/)*+&,-$/&((#/*#1$)3*#.$+,*#.4#,*+&,$8%eL:LG;$8!)U+5)a-$>Y$W)(+5)_$<K:GIC$XN"&*)N&*)_$<
K:GZC$@"+N6)6)_$<K:GL$),1$='$S+a-$>Y$W)(+5)_$<Z:GJC$XN"&*)N&*)_$<K:JGC$@"+N6)6)_$<
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Pre-intervention !
        1333333333334!
       70024445777776!
       27100174256794!
Mal-H  EHHSLRAPERKYPT!
Mal-H2 ..Q....Q...... !
Mal-H3 DRQ....Q......  !
Mal907 .......Q......!
Mal905 D.Q....Q......!
Mal904 DRQF...Q......!
Mal904 ..QFF..Q......!
Mal911 .RQ....T......!
Mal911 .RQ.F..T......!
Mal920 .RQ....Q......!
Mal-H4 DRQ.F..Q......!
Mal922 .R.....Q..RS.K!
Mal922 .R.....Q..RSRK!
Mal923 ..Q.FSP.......!
Mal923 ..Q..SPQ......!
Mal924 .RQ...PQKH....!
Mal924 ..Q...PQ......!
Post-intervention !
        3!
        1!
        2 !
Mal-H   H  !
Mal8-1  L    !
!
Malawi – CYP6P9a!
Post-intervention !
       4!
       1!
Moz-H  H  !
Moz-H2 L  !
Pre-intervention  !
        133333334!
       7005777770!
       2713235670!
Moz-H  DRHGETRKYI !
Moz-H2 EH........!
Moz628 .H........!
Moz-H3 EHQ.......!
Moz633 EH..KP.RTF!
Moz633 E...KPHRTF !
Moz634 E.........!
Moz635 EH.SKPHR.F!
Moz635 E..SKPHR.F!
Moz636 E..S..H...!
Moz636 EH.SK.....!
Moz641 EH..K.....!
!
Mozambique – CYP6P9a!
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